Failure to rescue (FTR), or death after a potentially preventable complication, is a nationally endorsed, publicly reported quality measure. However, little is known about the impact of frailty on FTR, in particular after low-risk surgical procedures.
T he prevalence of frailty is estimated at 10% to 20% of the United States population older than 65 years and as many as 40% in those older than 80 years. 1 (The population older than 65 years currently accounts for 15% of the total population and is projected to rise to 21% by 2030. 1 ) Frailty is a state of vulnerability to adverse health outcomes because of stressors that result in disability, dependency, falls, need for long-term care, and mortality.
2 Although frailty can be defined in many ways, an international panel of experts who convened in 2011 agreed that it is a multidimensional construct of 6 domains (physical performance, gait speed, mobility, nutritional status, mental health, and cognition) that together can indicate increased risk of death, disability, and institutionalization. 3 While frailty increases with age, not all elderly patients are necessarily frail, and not all young patients are necessarily robust. As such, frailty can be conceptualized as a measure of physiologic reserve, which is defined as the critical threshold at which external stressors overwhelm the ability of the human body to adapt, resulting in decompensation. 4 Although frailty is widely reported in the medical literature, its role in adverse postoperative outcomes has been established only recently. [5] [6] [7] Failure to Rescue (FTR), defined as death after a serious, potentially preventable complication, is a nationally endorsed and publicly reported quality measure. 8, 9 However, the underlying mechanism by which this phenomenon occurs remains poorly understood. Frail patients may be particularly vulnerable to FTR because their diminished physiological reserve may contribute to occurrence of perioperative complications and reduce their ability to recover when such adverse events happen.
Although recently published data have demonstrated an association between frailty and FTR in patients undergoing trauma and vascular surgery, important but unanswered questions remain. 10, 11 Although frailty is associated with postoperative morbidity, the degree to which it is associated with patients' risk of developing multiple complications (which have been shown to have a dose-response effect on FTR) is unclear. 12 In addition, few studies have evaluated whether frailty impacts postoperative outcomes after lower-risk operations. To explore these 2 issues, we applied the Risk Analysis Index (RAI), a recently validated tool 13 for screening large surgical populations, to data from the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP). We hypothesized that frailty was not only associated with the occurrence of multiple complications and FTR, but that this association was apparent after both high-risk and low-risk inpatient surgery.
Methods

Data
Data from ACS-NSQIP were used to conduct a retrospective cohort study of patients undergoing inpatient general, vascular, thoracic, cardiac, and orthopedic operations between January 1, 2005, to December 31, 2012. The database contains prospectively collected clinical and surgical information for all major inpatient and outpatient surgical procedures performed at more than 600 participating hospitals. This study was granted exempt status by the Roswell Park Cancer Institute institutional review board per institutional guidelines because of the deidentified nature of the data.
Patients
The cohort was restricted to patients who underwent an operation from January 1, 2005, to December 31, 2012, because the variables necessary to calculate the RAI score were only available in ACS-NSQIP in these years. In subsequent years, several of the necessary data points were omitted from abstraction. We excluded patients who underwent outpatient procedures because they had a very low mortality rate (0.09%). Within this data set, 2 395 937 patients underwent an inpatient surgical procedure for 1 of the included specialties. Any patient with an incomplete set of the data needed to calculate the RAI score was excluded (n = 1 403 218). Patients younger than 18 years were also excluded (n = 1687). The final analytic data set included 984 550 patients.
Variables
The RAI score for each patient was calculated. The RAI was adapted from the Minimum Data Set (MDS) Mortality Risk Index-Revised (MMRI-R). 14, 15 The MMRI-R consists of demographic and clinical variables in addition to assessing activities of daily living. The RAI was validated prospectively in the outpatient surgery clinics at the Veterans Affairs NebraskaWestern Iowa Health Care System and retrospectively using variables from ACS-NSQIP and the Veterans Affairs Surgical Quality Improvement Program. 13 The RAI score predicts postoperative mortality and morbidity with as good or better predictive ability than other existing measures of frailty, such as the MMRI-R and the modified Frailty Index (mFI). 16 The variables used to calculate the RAI score of each patient were age, sex, diagnosis of cancer (a composite of disseminated cancer, preoperative chemotherapy, and preoperative radiation therapy scores), weight loss, renal failure, congestive heart failure, shortness of breath, chronic care facility status, presence of cognitive deterioration, and functional status. Patients were then stratified into 5 groups per their RAI score (≤10 points, 11-20 points, 21-30 points, 31-40 points, and >40 points), in which larger scores indicated poorer overall health status. Days from operation to each complication were used to separately identify complications that occurred during the postoperative inpatient stay and those that occurred after discharge. Major complications included deep infection, organ-space infection, acute renal failure, postoperative bleeding requiring transfusion, myocardial infarction, pneumonia, pulmonary embolism, stroke, unplanned intubation, prolonged mechanical ventilation, or septic shock. 17 The number of postoperative complications were calculated and then categorized as 0, 1, 2, and 3 or more.
12 A procedurespecific risk categorization was also created. Current Procedural Terminology codes were used to identify individual procedures, and procedure-specific 30-day mortality rates were calculated. Procedures were then categorized as low-risk (30-day mortality rate, ≤1%) or high-risk (30-day mortality rate, >1%). 17 A list of the 10 most common high-risk and low-risk procedures in the data set are provided in eAppendix 1 in the Supplement.
Statistical Analysis
Standard descriptive statistics were used to evaluate the distribution of variables across RAI categories. The CochraneArmitage test was used to evaluate for statistically significant trends in complication and FTR rates across RAI categories. We chose to use the Agency for Healthcare Research and Quality FTR definition for our primary outcome (inpatient FTR, defined as an inpatient death after an inpatient complication).
18
However, the National Quality Forum also endorses a quality indicator using 30-day FTR, not just inpatient mortality. 8 As such, we also chose to conduct a sensitivity analysis using this alternative definition for FTR. Additional sensitivity analyses were conducted among patients who only underwent elective (rather than emergent) surgical procedures. The results of all analyses were similar. To address the fact that procedures across different specialties could have similar risk profiles, 2-level, hierarchical regression models (that clustered patients within specialties) were used. The association between the number of complications and RAI was evaluated using multinomial regression. The association between RAI score and FTR rate (or, more simply, mortality for those who had no complications) was evaluated using logistic regression. Because our main variable of interest, RAI score, is a composite variable combining many of the covariates we would have normally selected for inclusion in a multivariable model, no covariates were included to avoid collinearity issues. The exception was the logistic model evaluating FTR, which included an interaction between RAI score and the number of complications. All model assumptions were verified graphically using diagnostic plots as appropriate. A mediation analysis was performed to evaluate how RAI score was associated with FTR per the number of complications . 19, 20 To formally test how RAI scores mediated the number of complications, we applied the method of Baron and Kenny, 21 which establishes partial or full mediation when (1) separate models demonstrate a significant association between the independent variable and the mediating variable and between the mediating variable and the dependent variable and (2) the association between the independent and dependent variable is significantly reduced after a mediating variable is added to the model. 21 All analyses were completed in SAS version 9.4 (SAS Institute, Inc). A P value of .05 was used to denote statistical significance. Analyses were performed from February 2017 to July 2017.
Results
A total of 984 550 patients were included in our analysis. The mean (SD) age of the overall cohort was 58. Figure 1 shows the number of major and any complication across RAI groups, stratified by procedural risk. Across RAI scores, there were monotonic increases in the proportion of patients who had a specific number of major complications and any complications, regardless of level of procedural risk. For instance, the rate of any 1 complication in patients who underwent a low-risk procedure (RAI scores ≤10: Regardless of procedural risk level, increasing RAI score was also associated with an incremental increase in the likelihood of a given number of complications relative to patients who had no complications ( Table 2) . For instance, relative to patients who had no complications, the relative risk ratios (RR) of developing 1 major complication after a lowrisk procedure were 2.2 (95% CI, 1.6-2.9) among patients with RAI scores of [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Table 3 ). The findings were similar for any complications.
This same trend was observed after low-risk procedures, although absolute event rates were lower. Increasing RAI scores were associated with a higher odds of FTR (or perioperative mortality for those who had no complications). The odds of FTR after 1 major complication for patients undergoing a low risk procedure increased as RAI scores rose (RAI score ≤10: 112 Having established the association between RAI and mortality and RAI and complications, we confirmed the association between complications and mortality with separate models, satisfying the assumptions of mediation analysis (eAppendix 2 in the Supplement). The magnitude of the direct effect of RAI on mortality (β = .143 and .097 for low-risk and high-risk cohorts) was reduced when complications were added to the model (β = .088 and .076 for low-risk and highrisk cohorts, respectively, with major complications, and β = .083 and .076 for low-risk and high-risk cohorts, respectively, with any complication). These differences between the direct and mediated effects of RAI score on mortality were significant (Sobel test of mediation, P < .001 in all models where RAI scores were treated as a continuous variable with integer increments), suggesting that the effect of RAI on mortality is partially mediated through postoperative complications in both low-risk and high-risk cohorts. Major complication rates, stratified by RAI score, in high-risk procedures D RAI, Risk Analysis Index. Procedural risk was defined as low if mortality was less than 1% and high if mortality was more than 1%. a All comparisons are vs the group with RAI scores of 10 or less.
b Low-risk procedures were defines as having a postoperative mortality rate of less than 1%, and high-risk procedures were defined as having a postoperative mortality rate of 1% or higher.
Discussion
Surgery induces substantial physiologic stress in even healthy patients. Recent studies suggest the early postoperative period is a time of particularly elevated risk for frail patients. 10, 11, 22 There are 2 different conceptualizations of frailty: phenotypic frailty is conceptualized as a clinical syndrome driven by age associated with biologic changes, and deficit accumulation frailty is thought to be driven by the accumulation of medical, functional, and social deficits. 23 The RAI score is a simple, clinically relevant tool that uses deficit accumulation to estimate the degree of phenotypic frailty in a given preoperative patient. Although this analysis used a form of the RAI score calculated from NSQIP variables, a survey version of the RAI score can be calculated prospectively in approximately 90 seconds to guide real-time decisions. 13 The impact of frailty in surgical patients in relation to FTR is currently not well-characterized. In this regard, our study supports several novel and important conclusions. First, our data suggest there is a dose-response association between increasing frailty and both the number of postoperative complications and FTR. Second, these associations are observed after both low-mortality and high-mortality risk surgical procedures. Finally, the association between increasing frailty and FTR is partially mediated by the occurrence of complications (eg, frailty leads to complications that in turn lead to FTR). However, because the association between frailty and FTR persisted in our mediation analysis, this suggests frailty itself (and not simply the occurrence of complications in frail patients) has a clear impact on adverse postoperative outcomes. Consistent with previously published work, our findings indicate that frailty is associated with incremental increases in the occurrence of postoperative complications. 6, 16, [24] [25] [26] The fact that this has been a consistent finding across studies that used a variety of different models for measuring frailty not only emphasizes its importance as a perioperative risk factor, but also suggests a causal association. Furthermore, our findings suggest frailty is not only associated with an increasing number of postoperative complications, but that it also increases the risk of perioperative adverse events even after low-risk surgical procedures. This emphasizes the importance of frailty assessment for perioperative counseling before for procedures considered minor or low-risk by health care professionals providing surgery and anesthesia. Failure to rescue was first described by Silber et al 27 in the early 1990s. It has since been adopted as a quality indicator by both AHRQ and was endorsed by the National Quality Forum in 2010. 8, 18 Since then, significant interest has devel- Quality initiatives directed at identification and prehabilitation of frail patients are intended to inform shared decision making and mitigate perioperative surgical risk. This is particularly relevant when focusing on FTR, because it has been proposed that the inability to arrest a sequence of complications may underlie its occurrence.
37 This is also significant given that higher FTR rates are seen with multiple complications and sequential complications. 12 Because our findings demonstrate frailty is not only associated with the occurrence of complications, but also the number of complications, greater focus, and broader implementation of such efforts may help hospitals and health care professionals to identify at-risk patients and apply preoperative interventions to improve the patient's physiologic reserve, decrease their perioperative risk, or improve early detection and intervention on postoperative complications. Efforts can also be developed to identify those patients who, after learning of their frailty-associated risks, may opt for a less invasive surgery or a nonsurgical option. This is particularly important given the fact that exist- b Low-risk procedures were defines as having a postoperative mortality rate of less than 1%, and high-risk procedures were defined as having a postoperative mortality rate of 1% or higher.
c Odds ratios are for 30-day in-hospital mortality.
ing FTR methodology cannot disambiguate rescued patients who return to baseline function and those who experience permanent and dramatic disability that some have called rescue to failure.
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Thoroughly assessing of a level of preoperative frailty in a given patient and using this information to direct conversations around the goals of surgical care in the context of the attendant risks and desired outcome could provide valuable information in operative planning or could influence choices regarding the indication for a planned procedure. In this regard, 1 notable finding from our work was the impact of frailty after low-risk surgical procedures. Before the introduction of risk calculators and scoring systems to predict perioperative outcomes, surgical decisions were often based on the gut feeling of the operating surgeon. However, clinicians often do a poor job of estimating perioperative risk.
39-41 The widespread development and implementation of objective risk prediction tools reflects the shift from traditional approaches of risk estimation and have become an integral decision support tool in the preoperative setting.
Limitations
There are several limitations to our study. The ACS-NSQIP was not specifically designed to assess frailty. However, we used a recently validated tool developed for use with this data set to estimate the degree of preoperative frailty. The ACS-NSQIP Participant User File does not provide a hospital identifier that would have allowed for adjustment of patients clustering within hospitals, and the data do not include information regarding clinician-level or hospital-level factors that could potentially impact FTR. Also, although the ACS-NSQIP captures data on the occurrence of several commonly occurring complications, this list is neither exhaustive nor inclusive of procedure-specific complications. Finally, there is no established RAI threshold as yet that can be used to clearly distinguish a patient as frail, although it is widely recognized that frailty exists on a continuum rather than a category, be it categorical or ordinal.
Conclusions
Preoperative patient frailty appears to be an important risk factor for postoperative complications and FTR, even after lowrisk surgical procedures. Frailty assessment should be integrated into quality improvement efforts and preoperative informed consent conversations. Future work should focus on establishing clear definitions of frailty using the various measurement tools that would then enable clinicians to quickly identify patients who might either benefit from strategies directed at preoperative optimization or a more thorough discussion of the attendant risks of a given procedure and/or the goals of surgical care. In the meantime, our data suggest the risk-benefit ratio of performing even minor elective procedures needs to be carefully considered in individuals who are considered frail. 
